Down-regulation of energy metabolism in Alzheimer's disease is a protective response of neurons to the microenvironment.
A central issue in the field of Alzheimer's disease (AD) is to separate the cause from the consequence among many observed pathological features, which may be resolved by studying the time evolution of these features at distinctive stages. In this work, comprehensive analyses on transcriptome studies of human postmortem brain tissues from AD patients at distinctive stages revealed stepwise breakdown of the cellular machinery during the progression of AD. At the early stage of AD, the accumulation of amyloid-β oligomers and amyloid plaques leads to the down-regulation of biosynthesis and energy metabolism. At the intermediate stage, the progression of the disease leads to enhanced signal transduction, while the late stage is characterized by elevated apoptosis. The down-regulation of energy metabolism in AD has been considered by many as a consequence of mitochondrion damage due to oxidative stress. However, the non-existence of enhanced response to oxidative stress and the revelation of intriguing down-regulation patterns of the electron-transport chain at different stages suggest otherwise. In contrast to the damage-themed hypothesis, we propose that the down-regulation of energy metabolism in AD is a protective response of the neurons to the reduced level of nutrient and oxygen supply in the microenvironment. The elevated apoptosis at the late stage of AD is triggered by the conflict between the low level of energy metabolism and high level of regulatory and repair burden. This new hypothesis has significant implication for pharmaceutical intervention of Alzheimer's disease.